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Abstract . The spectra of leading particles of different na- 
ture in pp-collisions at E 0 = 33 GeV are obtained. The mul- 
tiplicities and the spectra of secondaries Jr* , ** -me- 
sons, /-quanta , A and ft -hyperons and protons for different 
leading particle energy ranges are determined. 

The interactions in which the leading particle conser- 
ves a great fraction of the initial energy are essential 
for the development of nuclear cascades in the atmosphere. 
The leading particles form a deeply propagating part of the 
cosmic rays. The accompaniment of these particles is deter- 
mined by the peculiarities of the loi^inelasticity interac- 
tions. Besides , the events with a leading particle are re- 
liably identified in the cosmic-ray detectors. 

The main information on the multiple production of par- 
ticles obtained from accelerators, is averaged over all ty- 
pes of events. This paper reports the multiplicities of 

t /> K* * A and a -particles, the partial coefficients of 
inelasticity and the spectra of particles in pp-interacti- 
ons at E 0 = 33 GeV in the lab. system that are correlated 
with the origin and energy of the leading particle. 

The experimental conditions 

The experimental material consists of 200 thousands of 
inelastic interactions of antiprotons with the momentum 
32 GeV/c observed in the liquid hydrogen Mirabel]® bubble 
chamber. The large dimensions of the chamber provided high 
detection efficiency of photons, AT/-mesons and A / a -hy- 
perons. We use the events where all charged tracks are mea- 
sured. 

For the particles with the momentum Pp a k < 1.2 GeV/c 
the protons were discriminated from the 7r+ -mesons by com- 
paring track ionization. Neutrons and antineutrons are the 
only unobservable species in the chamber. Their mean cha- 
racteristics are restored proceeding from the condition of 
energy balance /I/. In the present paper all inelastic in- 
teractions are analyzed in the system of an incident anti- 
proton which will be mark in following as lab-system. This 
choice of system enabled us to establish the nature of a 
leading particle with the fraction of initial energy 

^lead = B / E o * °* 4 ‘ 

Glassification of events 

The particle carrying away the maximum, as compared 
with other particles, fraction of energy in the lab .system 
in an- event is assumed t’o be the leading particle. When 
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the total energy of unobservable neutral particles exceeds 
the energy of the leading particle, a neutral system X° is 
regarded to be the leader. Table I presents the cross sec- 
tions of the events with the leading particle of different 
nature in different ranges of Wi ea ^. 

Table I 

The cross sections of the picked out classes of interactions 

<3 , t!7& 


leader 

leading energy ranges U lead 

JT + 

ST m 

0.4 - 0.6 

0.6 - 0.8 

0.8 - 1.0 

2.83 7 0.03 

1.23 7 0.02 

0.39 7 0.01 
7.46 - 0.04 

3.43 ± 0.03 
0.23 7 0.01 

0.084 7 0.005 
6.78 ± 0.03 

3.55 J 0.15 
0.015 7 0.002 
0.007 7 0.002 
4.49 - 0.03 

A 

ft 

0.35 7 0.04 
0.15 7 0.09 
0.09 - 0.02 

0.24 J 0.03 
0.017 7 0.015 
0.007 - 0.005 

0.07 7 0.02 

0.004 - 0.004 


££* <■ &*%>= 45.6 ± 0.5 mg , = 37.2 - 0.5 m£, 

= JO. 7 i 0.5 mg /2/. 

The events with the leader p , # , W and ^ le§d & 0.4 
make up 12 mb, i.e. (32 * 0.4)% of the inelastic pp-crcjss 
section. The events with the leaders A , /,/£*■(= K° + K°) 
at ^ 0.4 with the cross section 1.04 - O.II mb are 

1 observed. 


The total energy of the particles attending the charged 
and neutral leader is presented in units ofz<~ XEi/E 0 in 
fig. I. It is seen that the taking account of < Viead >; *- n 'the 
events with the charged leader permitted the complete re- 
covery of the interaction energy. The measured fraction of 
energy of the attending particles in the events with the 
leader is higher as compared with the events with the 
p and -leader. In this case according to the selection 
criteria a fraction of energy of the neutral leader JC* is 
carried by photons and the mean value of this energy is me- 
asured in the chamber for each group of events. The unobser- 
vable energy is carried away by an outgoing neutron. The 
mean fraction of this energy is indicated in fig. I. Conse- 
quently, the class of events with the leader JC° contains 
mainly the events with a leading neutron. The groups with 
^lead ( X 9 ') 0.6 correspond to the events with ^ iead( /z ' ) 

> 0.4, since the mean value of o6yin these events is 4 0.2. 
The events with the leader X 9 and ^lead £ 0.6 are conside- 
red in what follows as two groups of events with a leading 
neutron: < ^lead^ = °*78 ± 0,01 and 0.50 ± 0.01^ . The 
cross sections of the events with a leading proton and neu- 
tron with 21 lead ^ 0.4 are actually the same. This means 
that the leader in (68.8 i 0.5)% of the nonannihilation 
pp-interactions is a nucleon with "^i e ad £-0.4. 

In fig. I there is no evidence for a fast neutron in the 
events with the Jr* -leader and we therefore conclude that 
these events are mainly due to the pp-annihilation. The 
cross sections of the events are in accord with this con- 
clusion. 
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Experimental Results 


The spectrum of leading protons is uniform within 
= O .5 r 0.9 /2/. The spectra of leading w* and A* -mesons 
with Viead>0.5 decrease with increasing V]_ead an d are 
described by the function A exp (-B«? d ) with the parame- 
ters Bjr 4 = 12.4 - 0.9 and Bar- = 12.6 I 0.4. To the spectrum 
of leading A with ^leadfc0.5 there corresponds the para- 
meter B a = 8.1 * O.J. 

The total multiplicity of the particles attending the 
leading p, n, 3r + , 7t~ , A is shown in fig. 2a. The right sca- 
le shows the ratio of the observed multiplicity to the es- 
timated total multiplicity < i > for pp-interac- 

tions at 52 GeV/c /5/. It is seen that at U lead close to 
0.5 the multiplicity reaches the mean value. 
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Fig. I. A fraction of 
the measured energy 
in "the events with 
different leaders 



Fig. 2. Total multiplicity (a) and mul- 
tiplicity of the attending particles 
of species i (b) for different lea- 
ders 


The multiplicity of 3f ± and A* -mesons and photons at- 
tending the leading nucleon is shown in fig. 2b. The total 
multiplicity of fr* -mesons is similar in the events with a 
leading proton and "neutron”. The value of proves 

to be higher for a leading "neutron” which can be connected 
with the identification procedure used. 

The mean fraction of energy carried away by the attend- 
ing jr* » A'*, y is shown in fig.5» The mean fraction of 

energy per 37* and / is the same whether the leader is a 
proton or a "neutron”. The total fraction of energy carried 
away by these particles is plotted in fig. 4 versus «iead 
of a proton and "neutron”. 

The spectra of the attending particles are rather com- 
plex and concentrated in the region of low u for high ^i e ad* 
The parameters of the function describing these spectra are 
listed in table 2. 

In the events with a leading proton a great, fraction of 
the "invisible" energy carried away by the photons. In this 
case ZByss E 0 -2E± -JEkj , a/X and the spectrum of photons 
can be obtained from the variable My = Ev/SEy used in the 
cosmic rays. The spectra are presented' in fig. 5 
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for the events with a leading proton at ^.ead^ 0,8 311(1 
wi„„j = 0.4 t 0.8. 

Mlead Table 2 

Parametrization of the spectra of the particles attending 
the leading protons and "ileutrons" by the function s 

-it* 


leader 

type of a 
Vlead secondary 
particles 

N 

BI 

B2 

P 

0.4-0. 6^ 

3 T + 
7T- 

X 

-I.OOjO.OI 

-I.6lj0.0I 

0.027*0.014 

-5.5 “0.3 
-7.5i7O.O7 
34.3 *2.6 . 

22.6J0.6 

24.6J0.3 

-9.0*I3.6„ 

0.6-0. 8 

7T* 

JT" 

t 

-I.3iJo.O6 
-I. 83-0.01 
0.027*0.014 

-II.oJl.3 
-7.9lj0.08 
44.1 *2.3 

41 J 2 
32.5J0.4 
-28 JlO 

0. 8-1.0 

JT+ 

Jr~ 

X 

-0.2lJb.0I 
-2.62jO.OI 
-I •1570*05 _ 

31.0 JO. 9 
10.8 JO. 2 
32.5 Jl.8 

-I5.6J5.4 

-6.7JI.4 

(nr) 

V/ + 

0.6-0. 8 
<t/ >=0.30 
> *0.01 

#+ 1 
7r- 

r 

-1.25jo.02 
-1. 20 Jo. 05 

-2.4lj0.02 

-14. 9 Jo. 4 
-2.3 Jl.I 
-20.2JI.3 

54.8J0.7 

39.8*2.3 

83.4J8.4 

6. 8-1.0 
(tiJ=o.7d 

*0.01 

&+ 

7T~ 

r 

-2. 6640.01 
-I.98j0.0I 
-2.3 *0.1 

64.0JO.I 
-20.ljl.0 
•rI7 .2-4.3 

287.4*0.9 
179 J7.8 
83.4*8.4 
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Pig. 3. Mean fraction 
of energy per par- 
ticle of species i 
for different lea- 
ders 



Pig. 4. Partial coef- 
ficients of inelas- 
ticity of particles 
oi L for different 
leaders 
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Pig. 5. Spectra of 
7 in Vy s / 2 

for the events 
with a leading 
proton 





